The goals of this research are two-tiered: The first goal is to analyze the evaluation criteria used by integrated circuit (IC) designers when selecting foundry service providers. The second goal is to use an in-depth case study on the global IC foundry leader, TSMC, to explore the strategic compositions of IC foundry's process development, since the process technology has been found, through our survey at the prior stage, to be the most significant evaluation criterion in view of competitiveness in the customer market. As a result, for the foundry industry, technology no longer counts for everything, although it is a priority; coordinated strategies, in contrast, should assure more business merits for all concerned. This study has drawn the strategy matrix with eight categories of IC foundry process strategies.
Introduction
In 2004, worldwide revenue generated by pure-play integrated circuit (IC) foundries reached $16.8 billion while that from integrated device manufacturer (IDM) foundries reached $3 billion. The surge in revenue of pure-play IC foundries stemmed from its aggressive expansion of capacity, increased demand by fabled IC design houses, and outsourced opportunities from IDMs. The top seven pure-play foundry companies and their estimated market shares in 2007 were as follows: Taiwan Superconductor Manufacturing Company (TSMC) Taiwan (47%), UMC Taiwan (18%), SMIC China (7%), Chartered Singapore (7%), TI USA (3%), IBM USA (2.7%), Dongbu South Korea (2.4%). The rest were shared by foundries with no more than 2% of market share each (IC Insights 2008).
Our research objectives are two-tiered:
The first goal is to analyze the evaluation criteria used by IC designers when selecting foundry service providers. We interviewed the managers of foundry company customer service departments and the purchasing departments of Taiwan's IC designers and used the analytic hierarchy process (AHP) method proposed by Saaty (1980) to determine the areas of top concern with respect to foundry evaluation criteria. Second, understanding that IC process technology is the most critical consideration of IC designers while choosing foundry service providers and that existing studies in the IC foundry industry mostly focus on the fields of production, marketing, human resource management, and finance, but lack the embodied elaboration on IC foundry process strategies, this research explored the strategic compositions of IC foundry's process development by drawing upon literature review, industry interviews, secondary data analysis, and an in-depth case study of TSMC, the world leader in IC foundry. The management logic of IC foundry can be characterized by four competitive strategies, namely the cost leadership strategy, the differentiation strategy, the focused customer differentiation strategy, and the focused customer low cost strategy. The concept of product life cycle is also employed to help construct our strategic model of IC foundry process development. This part took the broad framework developed in theoretical and empirical studies with the goal of putting forward appropriate process strategies in different process life cycles. Finally, overall process strategies were suggested based on the proposed IC foundry strategic model.
Multi-criteria decision-making
This section explores how Taiwan's IC designers evaluate foundry services using a multi-criteria decision-making (MCDM) model.
Related theories and model construction
The MCDM method is mostly devoted to particular aspects of multi-criteria optimization: multi-objective integer programming, multi-objective combinatorial optimization, vector optimization, multi-objective evolutionary methods, applications of MCDM, MCDM software, goal programming, and so on (Perry and Moffat 1977; Tzeng 1977; Tzeng et al. 1992; Tzeng and Tsaur 1993; Triantaphyllou 2000; Kasanen et al. 2000; Corner et al. 2001; Chu et al. 2008 ). To build a research model that accurately reflects the concerns of most IC designers, Shyu et al. (2003) interviewed several key managers of global IC design houses and foundry service providers. A consensus of IC designers' three top-level concerns about foundry operators was as follows:
1. Foundry processing technologies, 2. Customer service and logistical support, and 3. Geographic location.
Under foundry processing technology concerns, they defined five evaluation criteria: (1) whether an operator has advanced semiconductor technologies, (2) whether the production yield is high, (3) whether the production schedule and capacity are flexible, (4) whether the cost is low, and (5) whether the product quality and reliability are high. Under customer services and logistical support concerns, they defined five evaluation criteria: (1) whether an operator provides real time information on the status of customers' orders, (2) whether there exists a long-term strategic partnership, (3) whether an operator has a short cycle time and on-time delivery, (4) whether an operator provides technical support responsively, and (5) whether an operator can protect clients' trade secrets and intellectual property rights. Finally, under geographic location concerns, they defined four evaluation criteria: (1) whether the region has political and social stability, (2) whether the region provides customs and tax breaks, (3) whether location risks are diversified, and (4) whether the region has formed a cluster of providers and buyers.
According to Lo et al. (2005) , the characteristics of pure play foundry business involve the following: (1) pure play foundries show integrity with customers and vendors and possess employees who tell the truth and maintain an objective, consistent, and impartial attitude; (2) pure play foundries maintain a consistent focus on core business, not distracting themselves with other pursuits; (3) pure play foundries recognize that the semiconductor business has no national boundaries and that to be competitive anywhere, they must be competitive everywhere; and (4) pure play foundries realize that unceasing innovation is the wellspring of growth. Consequently, cooperation and coordination are vital to all sectors of foundry business, from strategic planning to marketing, management, technology, and production. Lo et al.'s (2005) study incorporated four-aspect representation measuring the manufacturing competence and development strategies of pure wafer foundries using an AHP evaluation hierarchy structure. Researchers investigated operation production, marketing, technology, and management activities, which are the four phases to determine the participant cognition of relative importance (weight). In addition, some other research studies, such as managerial analyses of the IC foundry industry from Chen et al. (2004) , contended that both the enlargement of production capacity and technological research and development (R&D) should be spotlights for developing competitive and current IC foundry strategies.
Incorporating all of the above, this research constructed an MCDM model considering the aspects of technology, production, customer service and support, and manufacturing location in order to determine the areas of top concern with respect to foundry evaluation criteria from the perspective of the IC designers. Our MCDM model comprises four first-tier concerns and sixteen second-tier evaluation criteria, as shown in Fig. 1 .
AHP and determining the weights
The AHP method is a multi-criteria method of analysis based on an additive weighting process, in which several relevant attributes are represented through their relative importance (Saaty 1980) . AHP has been extensively applied by academics and professionals, mainly in engineering applications involving financial decisions associated with nonfinancial attributes (Dagdeviren 2008; Ahmed and Qiu 2009) . Furthermore, AHP is an evaluation method of the hierarchy of attributes with applications in several areas of the social sciences mainly because it allows qualitative and subjective analysis to become operational through numeric features.
In the specific analysis case of the selection of IC foundry service providers, AHP allows the "hierarchization" of subjective opinions in considering IC foundry service providers, making possible a quantitative treatment that leads to a numerical estimate of the relative importance of the evaluation criteria. Through AHP, the importance of several attributes is measured with a process of paired comparison, in which the relevance of the attributes or categories of
